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MULTIPLEX AMPLIFICATION OF SHORT TAJTOEM REPEAT LOCI 

FIELD nvr THE Tm/PATTTOM 
The present invention is generally directed to the 
detection of genetic markers in a genomic system The 
present invention is more specifically directed to the 
simultaneous amplification of multiple distinct polymorphic 
genetic loci using the polymerase chain reaction or other 
amplification systems to determine in . one reaction the 
alleles of each locus contained within the multiplex 
system. 



CITED nw.vvv^^^<tnx?<= 
A full bibliographic citation of the references cited 
m this application can be found in the section preceding 
the claims. 



DESCRIPT ION OF THE PRIOR ART 
In recent years, the discovery and development of 
polymorphic short tandem repeats (STRs) as genetic markers 
has stimulated progress in the development of linkage maps, 
the Identification and charactejrization of diseased genes, 
and the simplification and precision of DNA typing. 

Many loci, at least in the human genome, contain a 
polymorphic STR region. STR loci consist of short, 
repetitive sequence elements of 3 to 7 base pairs in 
length. It is estimated that there are 2,000,000 expected 
trimeric and tetrameric STRs present as frequently as once 
every 15 kilobases (kb) in the human genome (Edwards et al . 
1991; Bec/cmann and Weber 1992). Nearly half of the STR 
loci studied by Edwards et aj . (1991) are polymorphic, 
which provides a rich source of genetic markers. Variation 
m the number of repeat units at a particular locus is 
responsible for the observed polymorphism reminiscent of 
VNTR loci iN^Jcamura et al . 1987) and minisatellite loci 
iJeffreys et ai - 1985), which contain longer repeat units, 
and microsatellite or dinucleotide repeat loci (Lltt and 
Luty 1989, Tautz 1989, Weher and May 1989, fleckmann and 
WabGr 19 92) 
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amplified material. Examples -of. this include radioactive 
or fluorescent labeling of one of the two primers prior to 
the amplification of a" locus.. , .One of the more 
sophisticated approaciies. to', detection is the use of 
different fluorescent labels , to . allow detection of 
amplified materials representing ^ different , loci , but 
existing in the same space following, electrophoresis. The 
products of the different loci are differentiated with the 
use of filters, which allow visualization of one 
fluorescent label at. a time. 

Reference is made to International Publications WO 
93/18177 and WO 93/18178 to Fprtina et al . , which are 
directed to methods and kits for diagnosing diseases such 
as Cystic Fibrosis and S- thalassemia , respectively, using 
an allele-specific multiplex polymerase chain reaction 
system. According to Fortina et al . , multiplex PCR has 
also been used for simultaneous amplification of multiple 
target sequences, permitting mutant allele scanning using 
two lanes of an agarose gel . 
20 Ballabio et al . (1991), disclose a single-tube, 

multiplex allele-specific PCR test using two different dye- 
taggpd fluorescent primers for detection of the *F508 
cystic fibrosis mutation. 

While there are multiplex amplification procedures for 
25 specific loci, the use of multiplex amplification 
procedures is greatly desired for the detection of alleles 
in other types of loci such as specific STR loci. 
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SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to 
provide a method for the simultaneous amplification of 
multiple distinct polymorphic STR loci using PCR or other 
amplification systems to determine, in one reaction, the 
alleles of each locus contained within the multiplex. 
35 These combinations of specific loci into multiplexes have 
not been heretofore shown. 
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HUMCD4; HUMCSFIPO, ITOMTHOl and HUMVWFA31; HUMHPRTB , 
HUMBFXIII {F13B) and HUMLIPOL; HUMCSFIPO, HUMTPOX, HUMTHOl 
and HUMVWFA31; HUMHPRTB , HUMFESFP.^ , HUMB?XI 1 1 (F13B) and 
HUMLIPOL; HUMCSFIPO, HUMTPOX, HUMTHOl and HUMCD4 ; • and 
5 HUMCSFIPO, HUMTHOl, HUMTPOX and HUMCD4 . 

The present : invention provides a high, throughput 
method for the detection-, and analysis, of . polymorphic 
genetic markers using specific combinations of loci and 
specified conditions. By. selection of the appropriate 
10 detection method, the process can be used in .laboratories 
which have only a power supply and a . standard, apparatus for 
polyacrylamide gel electrophoresis ^or those which have the 
latest in equipment for fluorescent .gel scanning, e.g., 
Fluorlmager'"-575 ( Molecular Dynamics , Sunnyvale CA) . Thus, 
15 the process of the present . invention is adaptable for a 
variety of uses and laboratories. 

The approach as specified in, the present invention 
produces a savings in . time , , labor and materials in the 
analysis of loci contained within the multiplexes. The 
20 process of the present invention includes all the requisite 
primers, allowing between two and four or more loci to be 
amplified together in one amplification tube instead of 
amplifying each locus independently. 

The present invention has specific use in the field of 
25 forensic analysis, paternity .determination , monitoring of 
bone marrow transplantation, linkage mapping, and detection 
of genetic diseases and cancers. 

These and other aspects of the present invention will 
become evident upon reference to the following detailed 
description of the invention and the attached drawings and 
photographs . 
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BRIEF DESCRIPTION OF THE DRAWING5; 
Figure 1 is a photograph illustrating the simultaneous 
35 amplification of three loci: HUMCSFIPO, HUMTPOX and 
HUMTHOl, with the amplified products of each locus shown 
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P,^, rnulLxplex amplx f icataon in Example is 

H . ' " P^-^ograph. showing the silver 1' • 

S — PXex a.pl.,.ea..o: in 

^xgure 20 is a photograph showing the silver st. • 
--ction o. the multiplex a^pli^icat^o! .n H^iTe /o 

d.^ ^""^ ^ Photograph showing the silver stain 

detect.on Of the multiple, a.pl Z^-*^- 

10 detect -In"/' '' ^ .^"^^^^^^^ ^^^^^^ silver stain 

ctxon Of the multxplex ar:^lif icat ion in Example 22 
-igure 23 is a photograph showing the silver ct-. ■ 
-tect.on Of the .nlt.plex a.pl .f i.3t.o: HxaJplT 2 3 
H.r- ' ' photograph showing the silver stain 

--ct.on Of the .ultiplex a.pl.fi.3,_ Z;^^" 

the f[^^"" a photograph of a computer x.age showxng 

La.::r:r^^"^ ^^'^^-^ -^-^-^ a.pi.f..3t.on i! 

t detection of the multiplex amplification in 

£:.xannple 27. ^^-L*^cLLion in 

the f fuf" " ' Photograph of a computer i,„age showing 
the flZr " ' P''«°9"Ph °£ a computer i„,age showing 

°^ "-^'-^^ a„px...cation 

the fr^"" " " photograph oE a co»pu«r i„age showing 

°' -----^ a„pXr..oatro„ r! 

the £1"'"" " " P''°"9'^»Ph °f a computer image showing 
Lllielr""^ ""^"''-^ a„p.i.i.atio„ i! 

the £We° " 'h' """^"^'"''^ °^ ^ ^-P"" i"age showing 
La^pie ^'^^ amp.i.iea.ion in 
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measure general ly displays smaller values than the other 
commonly used measure, i.e.., heterozygosity. For markers 
that are highly informative (heterozygosities exceeding 
about 70%) , the difference between heterozygosity and' PIC 
5 is slight. 

Primary reaction: initial, reaction using the/purif ied 
human genomic DNA as template for the PGR. „>■ ■ 

Primers: two single -stranded oligonucleotides or DNA 
fragments which hybridize with opposing strands of a locus 
10 such that, the 3' termini, of the primers are in closest 
proximity. 

Primer pair : two primers including primer 1 that 
hybridizes to a single strand at one end of the DNA 
sequence to be amplified and .primer 2 that hybridizes with 
the other end on the complementary strand of the DNA 
sequence to be amplified. 

Primer site: the area of the target DNA to which a 
primer hybridizes. 

Secondary reaction: reamplification with the same or 
different primer pair using a dilution of the primary 
reaction as template for the PGR. 

■■■ i 

Construction of t he Multiplex 5y F!tP.m 

Prior to constructing the multiplex system, an 
25 appropriate set of , loci , - primers , and amplification 
protocols must be selected such that amplification 
generates fragments such that alleles of the various loci 
do not overlap in size or, when such overlap occurs, 
fragments representing different loci are detectable by 
30 separate means. In addition, the selected loci must be 
compatible for use with a single amplification protocol. 
The specific combinations of , loci described herein are 
unique in this application. Combinations of loci may be 
rejected for either of these reasons, or because, in 
35 combination, one or more of the loci do not produce 
adequate product yield, or fragments which do not represent 
authentic alleles are produced in this reaction. 
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25. HUMCSFIPO, HUMTPOX and HUMCD4 ; 

26. HUMHPRTB, HUMFESFPS and HUMMYOPK (Myotonic) ; 

27. HUMCSFIPO, HUMTHOl and HUMCD4 ; 

28. HUMCSFIPO, HUMTHOl and HUMVWFA31; 
HUMHPRTB, HUMBFXIII (F13B) and HUMLIPOL; 
HUMCSFIPO, HUMTPOX, HUMTHOl and HUMVWFA31; 

31. HUMHPRTB, HUMFESFPS, HUMBFXIII ".(F13B) and 
HUMLIPOL; 



29. 

30 . 



32 

10 33 



HUMCSFIPO, HUMTPOX, HUMTHai and HUMCD4; and 
HUMCSFIPO, HUMTHOl, HUMTPOX and HUMCD4 . 



The primers must also be designed so that the size of 
the resulting amplification products differ.. in length, 
thereby facilitating assignment of alleles to individual 
15 loci during detection. Inapprop,riate selection of primers 
can produce several undesirable effects such as lack of 
amplification, amplification at multiple sites, pjrimer 
dimer formation, undesirable interaction of primer 
sequences from different loci, production of alleles from 
one locus which overlap with alleles from another, or the 
need for amplification conditions or protocols for the 
diff|rent loci which are incompatible in a multiplex. The 
synthesis of the primers is conducted by procedures Jcnown 
to those skilled in the art. 
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TWO T,o.i ta.DgX^ op Multip l.^.s TTsing 

Once a multiplex containing two loci is developed, it 
may be used as a core to create multiplexes containing more 
than two loci. New combinations are created including the 
first two loci. For example, the core multiplex containing 
loci HUMTHOl and HUMCSFIPO was used, to generate derivative 
multiplexes of HUMTHOl, HUMCSFIPO, and HUMTPOX; HUMTHOl, 
HUMCSFIPO, and HUMCD4 ; HUMTHOl, HUMCSFIPO, and HUMVWFA31; 
HUMTHOl, HUMCSFIPO, HUMVWFA31, and HUMTPOX; and HUMTHOl,' 
HUMCSFIPO, HUMCD4, and HUMTPOX. Many other derivative 
multiplexes can be generated based upon a working 
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Designation 


Primer" sequences... 


S ecniervcMt* 
ID Number 








HSAC04 
<ACTBP2) 


primer 1 : ACA TCT CCC CTA CCG CTA TA 
primer 2 : AAT CTG GGC GAC AAG AGT GA 


1 
2 


HUMAPOA2 
(APOCIII) 


primer 1 : GGA GCA GTC CTA GGG CCG CGC CGT 
primer 2 : GTG ACA GAG GGA GAC TCC ATT AAA 


3 
4 


HUMCSFIPO 


primer I: AAC CTG AGT CTG CCA AGG ACT AGC 
primer 2 : TTC CAC ACA CCA CTG GCC ATC TTC 


5 

Q 


HUMCYP19 
(CYARP4 50) 


primer 1: GCA GGT ACT TAG TTA OCT AC 
primer 2 : TTA CAG TGA GCC AAG GTC GT 


7 

a 


HUMCD4 


primer 1; CCA GGA AGT TGA GGC TGC AGT GAA 
primer 2 : TTG GAG TCG CAA GCT GAA CTA GCG 


9 

10 


HUMFX3A01 


primer 1: GAG GTT GCA CTC CAG CCT TTG CAA 
primer 2 : TTC CTG AAT- CAT CCC AGA GCC ACA 


11 

12 


HXJMBFXIII 
(F13B) 


primer X: TGA GGT GGT GTA CTA CCA TA 
primer 2: GAT CAT GCC ATT GCA CTC TA 


13 
14 


HUMFABP 


primer 1 : GTA GTA TCA GTT TCA TAG GGT CAC C 
primer 2 : CAG TTC GTT TCC ATT GTC TGT CCG 


15 
16 


HUMFESFPS 


primer l : GCT GTT AAT TCA ^^GT AGG GAA GGC 
primer 2 : GTA GTC CCA GCT ACT TGG CTA CTC 


17 
1 8 


HUMHPRTB 
{HPRT-D 


primer 1 : ATG CCA CAG ATA ATA CAC ATC CCC 
primer 2: CTC TCC AGA ATA GTT AGA TGT AGG 


19 
20 


HXJMMYOPK 
Myotonic 


primer 1 : GCT CGA AGG GTC CTT GTA GCC GGG 
primer 2: GAT AGG TGG GGG TGC GTG GAG GAT 


21 
22 


HUMLIPOL 


primer i : CTG ACC AAG GAT AGT GGG ATA TAG 
primer 2: GGT AAC TGA GCG AGA CTG TGT CT 


23 
24 


HUMPI^Al 
(PLJV-AZ) 


primer 1 : GGT TGT AAG CTC CAT GAG GTT AGA 
primer 2 : TTG AGC ACT TAC TAT GTG CCA GGC T 


25 
26 


HUMTHOl 


primer 1: GTG GGC TGA AAA GCT CCC GAT TAT 
primer 2 : ATT CAA AGG GTA TCT GGG CTC TGG 


27 
28 


HUMTPOX ] 
] 


primer 1 : ACT GGC ACA GAA CAG GCA CTT AGG 
primer 2 : GGA GGA ACT GGG AAC CAC ACA GGT 


29 
30 


HUMVWFA31 ] 
] 


primer l : GA AAG CCC TAG TGG ATG ATA AGA ATA ATC 
Drimer 2: GGA CAG ATG ATA AAT ACA TAG GAT GGA TGG 


31 

32 



30 
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Reference is made to the examples below for additional 
details of the specific procedure relating to each 
multiplex. The locus- specif ic primers include a number of 
nucleotides which, under the conditions used in the 
hybridization, are sufficient to hybridize with an allele 
of the locus to be amplified and to be essentially free 
from amplification of alleles of other loci. Reference is 
made to U, S. Patent 5,192,659 to Simons, which is 
incorporated herein by reference for a more detailed 
description of locus-specific primers. 



Separation and Detection of DNA Fraoments 

Following amplification, products are then separated 
by electrophoresis, e,g,, denaturing polyacryl amide gel 
electrophoresis {Samhrook et al . , 1.989). Preferred gel 
preparation and electrophoresis procedures are conducted as 
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products can be achieved. For fluorescent analyses, one 
fluoresceinated primer can be included in the amplification 
of each locus. Separation .of the amplified fragments is 
achieved in precisely the.. same manner as with the silver 
5 stain detection method. The resulting gel is. loaded onto 
a Fluorlmager® 575 (Molecular Dynamics , ., Sunnyvale, CA) 
which scans the gel and digitizes the . data in 'three 
minutes. The Fluprlmager® contains, an ^ argon, laser emitting 
488 nm light which sweeps , through the gel .using a 
10 galvanometer-controlled .mirror... The light activates 
fluorescent molecules in its path and they, , in turn, emit 
light of higher wavelength. , A. filter prohibits passage of 
the original light, but allows cpl lection of the emitted 
light by a fiber optic collector. A second, filter selected 
15 by the user may be inserted, between the fiber optic 
collector and the photomul tiplier . allowing detection of 
specific wavelength bands (or colors) with each scan. 

The image has an overall cleaner appearance, than that 
obtained with the silver stain for three reasons. First, 
only one of the two PGR product strands is labeled with 
primer, simplifying the two band per allele images of the 
silver stain. Second, in the silver stain reaction, tl^e 
entire gel is exposed to silver and. prone to silver 
deposition causing a significant general background. With 
the fluorescent reporter, only the primer is labeled and 
the unincorporated primers migrate out of the bottom of the 
gel prior to detection. Third, some artifact bands of the 
PGR reaction are plentiful, but contain very little primer. 

Because this fluorescent method detects only products 
with one particular primer, some of these artifacts which 
appear in silver stain of multiplex amplifications are not 
detected. in fact, this characteristic has allowed 
development of the more complex guadriplex as shown 
Figure 2 in place of the triplex shown in Figure l. 
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polyacrylamide gel U9:i ratio of acrylamide to bis- 
acrylamide) which contained 7 m urea (Samhrook et al 
1989) and was chemically cross-linked to one glass plate 
iKol..yas2.1, 1988) . DNA saznpXes were mixed with 3^1 loading 
5 solution (lOmM NaOH. 95%. f orm^n^ide , 0.05% bromophenol blue 
0.05% xylene cyanol) , denatured at 95oc for 2 min. , and 
chilled on ice prior to loading. . 

Electrophoresis was performed at, 60 W in O.Sx TBE for 
1-2 hrs. The DNA was detected by silver staining iBass^ 
et aJ., 1991) . Permanent ; images were obtained by exposure 
to Electrophoresis Duplicating -Films (EDF. Kodak, Cat No 
809 6232). Alternatively, .detection can be performed by 
fluorescent scanning ( Sc/,™. e t. ai . , ,1994) . or radioactive 
detection {Hammond ec al . , -.1S^94.) . 
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EXAMPLE 1 



Silver Stain n^r-ecti on of M ultir.!^^ Am pl j f j ^^t- s 

of Loci HTTMrSFlPO. mTMTT .ox^. Jttm^^^^A^^ ^^^ 

In this example, a , DNA template (three DNa' samples) 
was amplified at the individual loci HUMCSFIPO, HUMTPOX 
and HUMTHOl simultaneously • in a single reaction vessel' 
The PGR amplifications were performed in 50^.1 volumes using 
25ng template, 0.03U Tag DNA Polymerase/^l , Ix STR Buffer 
(50mM KCl, lOmM Tris-HCl (pH 9.0 at 25=0 . 0.1% Triton X- 
100, l.SmM MgCl2 and 20 0aiM each of dATP, dCTP, dGTP and 
dTTP), and using a Thermal . Cycler 480 (.Perkin Elmer Cetus) 
Amplification protocol 1 (96°C for 2 min. , then 10 cycles 
of 9400 for 1 min., 6400. for 1 min., and VO-C for 1 5 min 
followed by 20 cycles of 90°C for 1 min., 640C for l min.,' 
70 °C for 1.5 min.) was , employed - 

Six amplification primers were used in combination, 
including 0 . 2mM each HUMCSFIPO primers l fSEQ. ID. 5] and 
2 [SEQ. ID. 6], 0.2fiM each HUMTPOX primers 1 [SEQ. ID. 29] 
and 2 [SEQ. id. 30], and 0 . S^M each HUMTHOl primers 1 [SEQ. 
ID. 27] and 2 [SEQ. ID. 28] . 

Amplified products were separated by denaturing 
acrylamide gel electrophoresis on a 40cm.g6l for 60-90 min. 
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HUMCSFIPO, HUMTPOX, HXJMTHOl, and HUMVWFA3 1 . Lane 1 

contains allelic ladders for the 4 loci, 

EXAMPLE 3 

Multiplex Amplification of Loci 
HUMHPRTB: HUMFESFPS. and 

In this example, a DNA template was amplified at the 
loci HUMHPRTB, HUMFESFPS , and HUMVWFA31 simultaneously in 
a single reaction vessel. The PGR amplifications were 
performed in 25^1 volumes using 25ng template, 0.03U Taq 
DNA Polymerase/Ml, Ix STR Buffer (described in example 1), 
and a Thermal Cycler 480 (Perkin Elmer Cetus) . 
Amplification protocol 2 {SG-^C for 2 min., then 10 cy-^les 
15 of 94<>C for 1 min., 60^C for l min . , and 70°C for 1.5 min . , 
followed by 20 cycles of 90<^C for 1 min., 64^C for 1 min., 
70°C for 1.5 min.) was employed. Amplified products were 
separated by denaturing acrylamide gel electrophoresis on 
a 32cm gel for 45 min. at 40 W and products were visualized 
by silver stain analysis according the protocol of Bassam 
et ai. (supra,). six primers were used in combination 
including 0.2AtM each- HUMHPRTB primers 1 [SEQ. ID. 19] and 
2 [pQ. ID, 20J , 1.5;iM each HUMFESFPS primers 1 [SEQ. ID. 
17] and 2 (SEQ. ID. 18] , and l^iM each HUMVWFA3 1 primer's 1 
25 [SEQ. ID. 31] and 2 (SEQ, ID. 32] . 

Reference is made to Figure 3 which reveals the silver 
stain detection of the multiplex amplification. Lanes 2-6 
contain DNA samples simultaneously co-amplified for the 
loci HUMHPRTB, HUMFESFPS, and HUMVWFA31. Lanes 1 and 7 
3 0 contain allelic ladders for the 3 loci. 



20 



EXAMPLE 4 

Fluorescent Detection of Multiplex Ampli float ion of Loci 
HUMHP RTB. HUMFESFPS. HUMBFXIII {F13B) . and HUMT.TPOT. 

In this example, a DNA template was amplified at the 
loci HUMHPRTB, HUMFESFPS, HUMBFXIII (F13B), and HUMLIPOL 
simultaneously in a single reaction vessel. The PCR 
amplifications and other manipulations were performed as 
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sample without DNA subjected to the same procedures, i.e., 
a negative control. 

EXAMPLE 6 

^ Multipl ex Amp l ification of I.oci 

HSAC04 (ACTBP2). HUMCYP19. and HUMPT.A:?Al 

In this example, a DNA template was amplified at the 
loci HSAC04 (ACTBP2), mTMCYP19. and, HUMPLA2A1 

10 Simultaneously in a single reaction vessel, , The PCR 
amplifications were performed in IS/xl volumes with 25ng 
template, 0 . 02U Taq DNA Polymerase/ptl , Ix Taq DNA 
Polymerase Buffer {50mM KCl , lOmM Tris-HCl (pH 9.0 at 
2S°C), 0,1% Triton X-100 ^nd 1 . 5mM MgCl2) and 200^M each of 
15 dATP. dCTP, dGTP and dTTP. using a ■ Thermal Cycler 480 
(Perkin Elmer Cetus) . Amplification protocol 2, as 

described in Example 3, was employed. Amplified products 
were separated and detected per example 1. Six primers 
were used in combination, including l^M each HSAC04 
20 {ACTBP2) primers 1 (SEQ. ID/ 1] and 2 [SEQ. ID. 2], l^M 
each HUMPLA2A1 primers 1 [SEQ. ID, 25] and. 2 [SEQ. ID. 26], 
and l^M each HUNCYP19 primers 1 [SEQ. ID, 7] and 2 [SEQ. 
ID. 8] . 

Reference is made to Figure 6 which reveals the silver 
25 stain detection of the multiplex amplification. Lanes 1-3 
contain DNA samples simultaneously co-amplified for the 
loci HSAC04 (ACTBP2J, HUMCYP19, and HTJHPLA2A1 . Lane 4 
displays a sample without DNA subjected to the same 
procedures, i.e., a negative control. 



30 



EXAMPLE 7 



Multip lex Amplification of Loci HSAC04 
(ACTBP2) and HUMFARP 

1^ this example, a DMA template was amplified at the 
loci HSAC04 (ACTBP2) and HUMFABP simultaneously in a single 
reaction vessel. The , PCR . amplifications and other 
manipulations were performed as described in Example 5 
using amplification protocol 2, as described in Example 3. 
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sxngle reaction vessel. The pcr amplifications were 
performed in 50;a volumes with 25ng template, 0 . 02U Tag DNA 
Polymerase/^l, Ix Tag DNA Polymerase Buffer (sOmM KCl , lOmM 
Tris-HCl (pH 9.0 at 250C, , 0.1% Triton X-100 and l.Srm 
MgCl2) and 200mM each of dATP, dCTP, dGTP and dTTP using a 
Thermal Cycler 480 (Perkin Elmer Cetus) . Amplification 
protocol 1, as described in Example l, was employed 
Amplified products were separated and detected as described 
xn Example l. six primers were used in combination 
including 1;,m each HUMCD4 primers 1 [SEQ . ID. 9] and 2 
[SEQ. ID. 10] , l^M each HUMCSFIPO primers I [SEQ. ID 5] 
and 2 tSEQ. ID. 6], and l^M each HUMTHOl primers l [SEQ. 
ID. 27] and 2 [SEQ. id. 28] . 

Reference is made to Figure 9 which reveals the silver 
stain detection of the multiplex amplification. Lanes 1-3 
contain DNA samples simultaneously co-amplified for the 
loci HUMCD4, HUMCSFIPO, and HlTMTHOl . Lane 4: d a 
sample without DNA subjected to the same procedures, i.e., 
a negative control . 

EXAMPLE 10 

Multiplex Amni i f ication of r.oci i 
HUMCYP19, HUMFARP, and mTMPT.fl^ai ' 



In this example, a DNA template was amplified at the 
loci HUMCYP19, HUMFABP, and HUMPLA2A1 simultaneously in a 
single reaction vessel. The PCR amplifications and other 
manipulations were performed as described in Example 6 
using amplification protocol 2, as described in Example 3. 
Six primers were used in combination, including l/xM each 
HUMCYP19 primers 1 [SEQ. ID. 7] and 2 [SEQ. ID. 8] l^M 
each HUMFABP primers 1 [SEQ. ID. 15] and 2 [SEQ. ID. 16] 
and IMM each HUMPLA2A1 primers 1 [SEQ. ID. 25] and 2 
[SEQ. ID. 26] . 

3 5 Reference is made to Figure 10 which reveals the 

silver stain detection of the multiplex amplification. 
Lanes I-3 contain DNA samples simultaneously co-amplified 
for the loci HUMCYP19, HUMFABP, and HUMPLA2A1 . Lane 4 
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for the loci HUMF13A01 and :HUNFABP. Lane 4 displays a 
sample without DNA subjected to the same procedures, i.e., 
a negative control - 

EX^MPIiE 13 

^ Multiplex Amplification of Loci 

HUMBF-XIII. (F1.3B) and HUMFESFPS 

In this example,, a DNA template was amplified at the 
loci HUMBFXIII (F13B) and HUMFESFPS simultaneously in a 

10 single react ion - vessel . The HGR amplifications and other 
manipulations ■ were .performed . as described, in Example 6 
using amplification protocol 1,.. as described in Example 1. 
Four primers were used in coinbinat ion , including l^M each 
HUMBFXIII. (F13B)- primers 1 [SEQ-. ID. :13J and 2 [SEQ. ID, 

15 14] , and l/iM each HUMFESFPS primers 1 [SEQ. ID, 17] and 2 
[SEQ, ID. 18] , 

Reference is made to Figure 13 which- reveals the 
silver stain detection • of the multiplex amplification. 
Lanes 1-3 contain DNA samples simultaneously co-amplified 
20 for the loci HUMBFXIII (F.13B) and HUMFESFPS. Lane 4 
displays a sample without ' DNA: subjected to the same 
procedures, i.e., a negative control. 

I . 

EXAMPLE 14 

Multiplex Amplification of Loci 
Hi:rMBFXIII (F13B). HUMHPRTB . andHUMPLA2Al 

In this example, a DNA template was amplified at the 
loci HUMBFXIII (F13B), HUMHPRTB, and HUMPLA2A1 

10 simultaneously in a single reaction vessel. The PGR 
amplifications and other manipulations were performed as 
described in Example 6 using amplification protocol 2, as 
described in Example 3. Six primers were used in 
combination, including l^iM each HUMBFXIII (F13B) primers 1 

5 [SEQ. ID. 13] and 2 [SEQ. IIJ. 14],. l/xM each HUMHPRTB 
primers 1 (SEQ, ID. 19] and 2 [SEQ. ID. 20], and l^M each 
HUMPLA2A1 primers l [SEQ. ID. 25] and 2 [SEQ. ID, 26], 

Reference is made to Figure 14 which reveals the 
silver stain detection of the multiplex amplification. 
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10 



1.5mm each HUMFESFPS primers 1 [SEQ. ID. 17] and 2 [SEQ 
ID. 18] . 

Reference is made to Figure .16 which reveals the 
sxlver stain detection of .the multiplex, amplification 
Lanes 1-6 contain DNA samples simultaneously co-amplified 
for the loci HUMHPRTB and HUMFESFPS using 500 50 25 5 
1 and O.Sng DNA template. Lane. 7 displays a sample' without 
DNA subjected to the same procedures , i.e., a negative 
control . 



EXAMPLB 17 

Multiplex Ampi i f icar.Ton of T.nr i 
HUMHPRTBV HUMFE.gFPq , and HTTMT.Tp ^T. 

15 In this example, a DNA template was amplified at the 

locx HUMHPRTB, HUMFESFPS, and HUMLIPOL simultaneously in a 
sxngle reaction vessel. The ' PCR amplifications and other 
manipulations were performed . as described in Example l 
usxng amplification protocol 2, as described in Example 3 
20 Six primers were used in combination, including 0.4mM each 
HUMHPRTB primers 1 [SEQ. ID, 19] and 2 [SEQ. ID. 20], 3uM 
each HUMFESFPS primers 1 [SEQ. ID. 17] and 2 [SEQ. ID 18) 
andp^M each HUMLIPOL primers 1 [SEQ. ID. 23] and 2 [SEO ' 
ID. 24] . 

2S Reference is made to Figure 17 which reveals the 

salver stain detection of the multiplex amplification 
Lanes 1-3 contain DNA samples simultaneously co-amplified 
for the loci HUMHPRTB, HUMFESFPS and HUMLIPOL. Lane 4 
displays a sample without DNA subjected to the same 

30 procedures, i.e., a negative control. 
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EXAMPLE 18 

MultipJey Amplifir-^ tion of r.nr- i 
HUMBFXIIT_1F 13B) and HUMT.TPoT" 

In this example, a DNA template was amplified at the 
loci HUMBFXIII {F13B) and HUMLIPOL simultaneously in a 
single reaction vessel. The PCR amplifications and other 
manipulations were performed as described in Example 1 
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combination, including IfxM each HUMHPRTB primers 1 [SEQ. 
ID. 19] and 2 [SEQ. ID. .20], 2/xM each HUMFESFPS primers 1 
[SEQ. ID. 17] and 2 [SEQ. ID.' 18], and 2/jlIA each HUMBFXIII 
(F13B) primers 1 [SEQ. ID,^ 13] /and 2 [SEQ., ID. 14] . 
5 Reference is made to, Figure 2 0 which reveals the 

silver stain detection of the multiplex amplification. 
Lanes 1-3 contain DNA samples simultaneously co-amplified 

for the loci HUMHPRTB, HUMFESFPS, and HUMBFXIII (F13B) . 

.. . ■ f*"' • ■ 

10 EXAMPIiE 21 

Multiplex Amplification of Loci 
HUMCSFIPO / HUMTPOX. and HIJMCD4 

In this example, a DNA template was amplified at the 
15 loci HUMCSFIPO, HUMTPOX, and HUMCD4 simultaneously in a 
single reaction vessel. The PGR amplifications and other 
manipulations were performed as described in Example 1 
using amplification protocol 1, as described in Example 1. 
Six primers were used in corT±)inat ion , including l/xM each 
20 HUMCSFIPO primers 1 [SEQ, ID. 5] and 2 [SEQ. ID. 6], l^M 
each HUMTPOX primers 1 [SEQ. ID. 29] and 2 [SEQ. ID. 30], 
and 1/iM each HUMCD4 primers 1 (SEQ. ID. 9] and 2 [SEQ. ID. 
10] . 

Reference is made to Figure 21 which reveals the 
25 silver stain detection of the multiplex amplification. 
Lanes 1-3 contain DNA samples simultaneously co-amplified 
for the loci HUMCSFIPO, HUMTPOX, and HUM CD 4 . 

EXAMPLE 22 

3 0 Multiplex Amplification of Loci 

HUMHPRTB, HUMFESFPS, and HUMMYOPK (Myotonic) 

In this example, a DNA template was amplified at the 
loci HUMHPRTB, HUMFESFPS, and HUMMYOPK simultaneously in a 
3 5 single reaction vessel. The PGR amplifications and other 
manipulations were performed as described in Example 1 
using amplification protocol 2, as described in Example 3. 
Six primers were used in combination, including l/xM each 
HUMHPRTB primers 1 [SEQ. ID. 19] and 2 [SEQ. ID, 20] , l^M 
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1 [SEQ. ID. 11] and 2 [SEQ . ID. 12] and l/xM each HUMMYOPK 
(Myotonic) primers 1 [SEQ. ID. 21] and 2 [SEQ. ID. 22] . 

Reference is made to Figure 24 which reveals the 
silver stain detection of the multiplex amplification. 
Lanes 1-3 contain DNA samples simultaneously co-amplified 
for the loci HUMF13A01 and, .HUMMYOPK (Myotonic) . 

EXAMPLK 2 5 

Multiplex Amplification of Loci 
HUMF13A01 and HUMBFXIII (F13B) 

In this example; "a DNA' template' was amplified at the 
loci HUMF13A01 and HUMBFXIII . (F13B) simultaneously in a 
single reaction vessel. The , PCR amplifications and other 
manipulations were performed.. as .described in Example 1 
using 0.03U Taq DNA Polymerase/^1 and amplification 
protocol 2, as described in Example . 3. Four primers were 
used in combination, including 0 . lyuM each HXJMFr3A01 primers 
1 [SEQ. ID. 11] and 2 , [SEQ. ID, 12] and O.SaxM each 
HUMBFXIII (F13B) primers 1 [SEQ. ID. 13] and 2 [SEQ. ID. 
14], 

Reference is made to . Figure 25 which reveals the 
silver stain detection of the multiplex amplif icatiqh . 
Lanes 1-3 contain DNA samples simultaneously co-amplified 
for the loci HUMF13A01 and HUMBFXIII (F13B) . 

EXAMPLE 2S 

Fluorescent Detection of Multiplex Amplification 
of Loci HUMCSFIPO, HUMTPOX . HUMTHQl . and HUMCD4 

In this example, a DNA template was amplified at the 
individual loci HUMCSFIPO, HUMTPOX, HUMTHOl, and HUMCD4 
simultaneously in a single reaction vessel. The PGR 
amplifications were performed as described in Example 1 
35 using 0.04U Taq DNA Polymerase //zl and amplification 
protocol 1, as described in Example 1. Eight amplification 
primers were used in combination, including 2fiM each 
HUMCSFIPO primer 2 [SEQ. ID. 6] and fluorescein- labeled 
primer 1 [SEQ. ID. 5], O.S/xM each HUMTPOX primer 1 [SEQ, 
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Simultaneously in a single reaction vessel. The PGR 
amplifications were performed^ as described in Example l 
using 0.02U Taq . DNA Polymerase/Ml and amplification 
protocol 1, as described in Example 1. six amplification 
5 primers were used in combination, including 1;.m each 
HUMCSFIPO primer 2 [SEQ. ID. 6J, and fluorescein- labeled 
primer 1 [SEQ. ID. 5] , 1;,m., each ' HUMTHOl primer 2 [SEQ. ID. 
28] and fluorescein-labeled primer 1 . [SEQ. , ID. 27], and 
each HUMVWFA31 primer 1 [SEQ. ' ID. 31]' and fluorescein- 
10 labeled primer 2 [SEQ. ID. .32] .' 

Amplified products were detected as in Example 2. 
Reference is made to Figure. 28 which is a photograph of a 
computer image of a Fluorlmager.^ scan. , Lanes 1 and 2 
contain DNA , samples . simultajreously' co-amplified for the 
15 loci HUMCSFIPO, HUMTHOl, a.nd HUMVWFA31 . 

EXAMPLE 29 



20 



30 



Fluorescent Detection of M ultiolf^y Amol i f i" S r,n 
of Loci HUMHPPT B. HUMRFXIII (F13B) . and HUMLIPOT. 



In this example, a DMA template was amplified at the 
individual loci HUMHPRTB, HUMBFXIII (F13B) , and HUMLIPOL 
simultaneously in a single | reaction vessel. The PGR 
amplifications were performed as described in Example 1 
25 using 0.03U Tag DNA Polymerase/;xl and amplification 
protocol 2, as described in Example 3 . Six amplification 
primers were used in combination, including i^M each 
HUMHPRTB primer 2 (SEQ. ID. 20] and fluorescein-labeled 
primer 1 [SEQ. ID. 19], l/iM each HUMBFXIII (F13B) primer 2 
[SEQ. ID. 14] and fluorescein-labeled primer 1 (SEQ. ID. 
13], and l;tM each HUMLIPOL primer 2 [SEQ. ID. 24] and 
fluorescein-labeled primer 1 [SEQ. ID. 23]. 

Amplified products were detected as in Example 2. 
Reference is made to Figure 2 9 which is a photograph of a 
3 5 computer image of a Fluorlmager scan. Lanes 1-3 contain 
DNA samples simultaneously 'co-amplified for the loci 
HUMHPRTB, HUMBFXIII {F13B), and HUMLIPOL. 
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EXAMPLE 32 

Fluorescent Detection of Multiplex Amplification 
of Loci HUMTHOl and HUMTPOX 

5 In this example, a DNA template was amplified at the 

individual loci HUMTHOl and HUMTPOX simultaneously in a 
single reaction vessel. The PGR amplifications were 
performed as described in Example 1 using 0.02U Taq DNA 
PolymeraseZ/xl and amplification protocol 1, as described in 
10 Example 1, Four amplification primers were used in 
combination, including 1/iM each HUMTHOl primer 2 [SEQ. ID. 
28] and fluorescein- labeled primer 1 [SEQ, ID. 27} and 1/xM 
each HUMTPOX primer 2 [SEQ. ID. 3 0] and fluorescein- labeled 
primer 1 [SEQ. ID. 29] . 
^5 Amplified products were detected as in Example 2. 

Reference is made to Figure 32 which is a photograph of a 
computer image of a Fluorlmager scan. Lanes 1-3 contain 
DNA samples simultaneously co-amplified for the loci 
HUMTHOl and HUMTPOX. 

It is understood that the invention is not confined to 
the particular construction and arrangements herein 
illustrated and described, but embraces such modified forms 
the3|eof and come within the scope of the claims following 
the bibliography. 
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(2) INFORMATION FOR SEQ ID. NO: 2.: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 base pairs 

(B) TYPE: nucleic acid^ 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: 'linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
AATCTGGGCG ACAAGAGTGA 



(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear' * 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 
GGAGCAGTCC TAGGGCCGCG CCGT 



(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTI ts : 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

( C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 
GTGACAGAGG GAGACTCCAT TAAA 
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(2) INFORMATION FOR SEQ ID NO : 9 : 

(i) SEQUENCE CHARACTERISTI.es ; 

(A) LENGTH: 24 ba.5e pairs ' 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS : : ' s ingle 

(D) TOPOLOGY: linWr/^^ 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION :. . SEQ ID NO : 9 : 
CCAGGAAGTT GAGGCTGCAG TGAA 



(2) INFORMATION FOR SEQ ID,NO:X0: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 'base' pairs 

(B) TYPE: nucleTc a'cid ' 

(C) STRANDEDNESS'* ■ s'ingle 

(D) TOPOLOGY: linear ' 

r 

(ii) MOLECULE TYPE: DNA .(genomic ) 
(xi) SEQUENCE DESCRIPTION : SEQ ID NO:10: 
TTGGAGTCGC AAGCTGAACT AGCG 



(2) INFORMATION FOR SEQ ID NO: 11: 

i (1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 11 : 
GAGGTTGCAC TCCAGCCTTT GCAA 



(2) INFORMATION FOR SEQ ID NO : 12 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pair^ 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
TTCCTGAATC ATCCCAGAGC CACA 
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(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 24 - base pairs ■ 

(B) TYPE: nucleie acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA: (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
GCTGTTAATT CATGTAGGGA AGGC 



(2) INFORMATION FOR SEQ. ID' NO: 18-: 

(i) SEQUENCE CHARACTERISTICS: ' • 

(A) LENGTH: ,24 base pairs • 

(B) TYPE: nucl.eio acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: . SEQ ID NO: 18: 
GTAGTCCCAG CTACTTGGCT ACTC 



(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA .(genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
ATGCCACAGA TAATACACAT CCCC 



(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:20: 
CTCTCCAGAA TAGTTAGATG TAGG 
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(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 
GGTTGTAAGC TCCATGAGGT TAGA 



(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 5 ba'se pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
TTGAGCACTT ACTATGTGCC AGGCT 



(2) INFORMATION FOR SEQ ID NO:27: 

(i) SEQUENCE CHARACTERISTICS: | 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS : s ingl e 
(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

GTGGGCTGAA AAGCTCCCGA TTAT 24 



(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

( C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 
ATTCAAAGGG TATCTGGGCT CTGG 2 4 
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CLiAIMS. 

What: is claimed is: 

1. A method of simultaneously determining the alleles 
present in at least two' .loci from one or more DNA 
samples, comprising: . - 

a. obtaining at least one DNA sample to be analyzed, 
5 wherein the DNA sample' has at least two loci 

which can be ampll'fied. together'; 
b. amplifying the short,, .tandem repeat sequences in 

the DNA sample; and 
c. evaluating the amplified fragments to determine 
10 the alleles present at each amplified locus 

within the DNA' sample,, ' 

2. The method of claim 1 wherein at least one of the loci 
is selected from the group consisting of : HUMCSFIPO, 
HUMTPOX, HUMVWFA31, HUMFESFPS , HUMBFXIII (F13B) , 
HUMLIPOL, HSAC04 (ACTBP2 )' , HUMCYP19 , HUMAP0A2 , 
HUMF13A01 and HIJMMYOPK (Myotonic) . 

3 , The method of claim 1 wherein at least two loci are 
selected from the groups (ponsisting of: HUMTHOl and 
HUMCSFIPO; HUMTHOl and' H*dMCD4 ; HUMTHOl and HUMTPOX ; 
HUMF13A01 and HUMFABP; - HUMF13A01 and HUMKYOPK 
5 (Myotonic) ; HUMF13A01 and HUMBFXIII {F13B) ; HUMBFXIII 

(F13B) and HUMFESFPS ; HUMBFXIII (F13B) and HUMLIPOL; 
HUMHPRTB and HUMFESFPS;. HSAC04 (ACTBP2) and HUMCYP19; 
and HSAC04 (ACTBP2) and HUMFABP, 

4, The method of claim 1 wherein the loci are selected 
from the group consisting of: HUMTHOl and HUMCSFIPO; 
HUMTHOl and HUMCD4; HUMTHOl and HUMTPOX; HUMF13A01 and 
HUMFABP; HUMF13A01 and HUMMYOPK (Myotonic) ; HUMF13A01 
5 and HUMBFXIII (F13B) ; HUMBFXIII (F13B) and HUMFESFPS; 

HUMBFXIII (FIBB) and HIMLIPOL; HUMHPRTB and HUMFESFPS; 
HSAC04 (ACTBP2) and HUMCYP19; HUMCSFIPO, HUMTPOX, and 
HUMTHOl; HUMHPRTB, HUMFESFPS and HUMVWFA31; HSAC04 
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9. The method of claim 1 wherein the loci are HUMHPRTB, 
HUMFESFPS, HUMBFXIII (_F13B) and HUMLIPOL. 

10. The method of claim 1 whe^r^ein the loci are HUMCSFlPO, 
HUMTPOX, HUMTHOl and HUMVWFA31 . 

11. The method of. claim . 10 , wherein in said amplifying 
step, amplification is ,.-primed with primer pairs 
comprising SEQ ID, NO. 5 -and SEQ ID. NO. 6, SEQ ID. 
NO. 29 and SEQ ID. NO. . 30, SEQ ID. NO, 27 and SEQ ID. 
NO. 23, and SEQ ID. NO. 31. and SEQ ID. NO. 32. 



12 
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The method of claim 11, wherein the primers SEQ ID. 
NO. 5, SEQ ID. NO. 30-, SEQ ID. NO. 27, and SEQ ID, NO. 
32 are fluorescence labeled.. 

The method of claim 11, wherein the primer pairs SEQ 
ID. NO. 5 and SEQ ID. NO. 6 are present in a 
concentration of about 1/xM; primer pairs SEQ ID. NO. 
29 and SEQ ID. NO, 30 are present in a concentration 
of about 0,15/iM, primer pairs SEQ ID. NO. 27 and SEQ 
ilD. NO. 28 are present in a concentration of about 
0.2/iM, and primer pair SEQ ID. NO. 31 and SEQ ID. NO, 
32 are present in a concentration of about l/iM, 

14. The method of claim 1 wherein the loci are HUMHPRTB, 
HUHFESFPS and HUMVWFA31. 

15. The method of claim 1 wherein the DNA in step b. is 
amplified by polymerase chain reduction. 

16. The method of claim 10 wherein the process of 
amplifying short tandem repeat sequences requires 
primer pairs selected from the group consisting of SEQ 
ID. NO. 1 and SEQ ID. NO. 2, SEQ ID. NO. 3 and SEQ ID. 
NO, 4, SEQ ID, NO. 5 and SEQ ID. NO. 6, SEQ ID. NO. 7 
and SEQ ID. NO. 8, SEQ ID. NO. 9 and SEQ ID. NO, 10, 
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tissue, placental cells or fetal cells present in 
amniotic fluid and mixtures of body fluids . 

23. A method of simultaneously determining the alleles 
present in at least . two loci from one or more DNA 
samples, comprising: 

a. identifying an appropriate set of loci and 
5 primers which provide non-overlapping alleles; 

b. obtaining at least one DNA sample to be analyzed, 
wherein the DNA sample has at least two loci 
which can be amplified together; 

c. amplifying the short tandem repeat sequences in 
iO the DMA sample; and 

d. evaluating the amplified fragments to determine 
the alleles present at each amplified locus 
within the DNA sample. 

24 . A kit for simultaneously analyzing short tandem repeat 
sequences in at least two loci from one or more DNA 
samples, comprising: 

a, a container containing oligonucleotide primer 
^ pairs for each of the specified loci; and 

b, instructions for use . 



25. The kit of claim 24 wherein the primer pairs are 
selected from the group of loci consisting of SEQ ID. 
NO, 1 and SEQ ID. NO. 2, .SEQ ID, NO, 3 and SEQ ID. NO. 
4, SEQ ID. NO. 5 and SEQ ID. NO. 6, SEQ ID. NO. 7 and 
5 SEQ ID, NO. 8, SEQ ID. NO. 9 and SEQ ID, NO. 10, SEQ 

ID. NO. 11 and SEQ ID. NO, 12, SEQ ID, NO. 13 and SEQ 
ID. NO. 14, SEQ ID. NO. 15 and SEQ ID. NO, 16, SEQ ID. 
NO. 17 and SEQ ID, NO. 18, SEQ ID. NO. 19 and SEQ ID. 
NO. 20, SEQ ID. NO. 21 and SEQ ID. NO. 22, SEQ ID. NO. 
10 23 and SEQ ID. NO. 24, SEQ ID. NO. 25 and SEQ ID . NO . 

2G, SEQ ID- NO. 27 and SEQ ID- NO, 28, SEQ ID. NO, 29 
and SEQ ID. NO. 30, and SEQ ID. NO. 31 and SEQ ID, NO. 
32, 
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AMENDED CLAIMS 

[received by the InternationaJ Bureau on 30 January 1997 (30.01.97); 
original claims 2, 3, 6- 8, 21 and 23 cancelled; 
original claims 1, 4, 5, 9-11, 14-20, 22, 24 and 25 amended; 
remaining claims unchanged (5 pages)] 

1. A method of simultaneously determining the 
alleles present in at least two loci from one or more DNA 
samples, comprising: 

a. obtaining at least one DNA sample to be analyzed, 
5 wherein the DNA sample has at least two loci 

which can be amplified together, and wherein the 
at least 2 loci are a pair of loci selected from 
the group of pairs consisting of: 
HUMCSFIPO and HUHTHO 1 ; 
10 HUMTPOX and HUMTHOl ; 

HUMBFXIII {F13B) and HUMF13A01; 
HUMBFXIIT {F13B) and TOMFESFPS ; 
HUMBFXIII {F13B) and HUMLIPOL; 
HUMBFXIII (F13B) and HUHHPRTB ; 
15 HUMFESFPS and HUMHPRTB ; 

HUNF13A01 and HUMFT^P; 
HUMF13AQ1 and HUMMYOPK (Myotonic) ; 
HSAC04 (ACTBP2) and HUMCYP19; 
HSAC0 4 (ACTBP2) and HUMFABP; 
20 HUMCYP19 an|l HUMPLA2A1; and 

HUMTHOl and HUMCD4 ; 

b, co-amplifying the at least two loci in the DNA 
sample in a multiplex amplification reaction; and 

c. evaluating the co-amplified loci to determine the 
25 alleles present at each of the at least two loci 

within the DNA sample. 

4. The method of claim 1 wherein the at least two 
loci are a triplex of three loci selected from the group of 
triplexes consisting of : 

HUMCSFIPO, HUMTPOX, and HUMWFA3 1 ; 
5 HUMCSFIPO, HUMTPOX, and HUMCD4 ; 

HUMCSFIPO, HUMTHOl , and HUMCD4 ; 

HUMCSFIPO, HUMTHOl, and HUMVWFA3 1 ; 

HUMTPOX, HUMTHOl, and HUMCD4 ; 

HUMTPOX, HUMTHOl, and HUMVWFA3 1 ; 

HUMTPOX. HUMHPRTB, and HTJMBFXITI fF13B): 
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18 The method of claim 1 wherein the at least two 
co-a.plxf.ed loci are evaluated by polyacryla^ide gel 

electrophoresis. 

19- The method of claim 18 wherein the at least two 
co-amplified loci are visualized by silver stain analysis. 

20. The method of claim 18 wherein the at least two 
co-amplified loci are visualized by fluorescent analysis. 

"^'^^^^ °f -^--^ 1 wherein the at least one 
DNA sample to be analyzed is selected from the group 
cons.st.ng of blood, semen, vagxnal cells, hair, saliva 
urxne or other tissue, placental celxs or fetal cells 
present in amniotic fluxd and mixtures of body fluids. 

24. A kit for simultaneously analyzing short tandem 
repeat sequences in at least two loci, comprising: 

a. a container containing oligonucleotide primer 
pairs for each of the at least 2 loci, wherein 
the at least two loci are a pair of loci selected 
from the group of pairs consisting of: 
HUMCSFlllo and HUMTHOl; 
HUMTPOX and HUMTHOl; 
HUMBFXIII (F13B) and HUMF13A01; 
HUMBFXIII (F13B) and HUMFESFPS ; 
HUMBFXIII (F13B) and HUMLIPOL; ' 
HUMBFXIII (F13B) and HUMHPRTB ; 
HUMFESFPS and HUMHPRTB; 
HUMF13A01 and HUWiFABP; 
HUMF13A01 and HUMMYOPK (Myotonic) ; 
HSAC04 (ACTBP2) and HUMCYP19 ; 
HSAC04 (ACTBP2) and HUMFABP; 
HUMCYP19 and HUMPLA2A1 ; and 
HUMTHOl and HUMCD4 ; 
b. instructions for use. 



57 



wo 96/10648 



PCr/US9S/1260S 



15 



20 



5 



HUMBFXIII (F13B), HUMLIPOL, and HUMHPRTB ; 
HUMBFXIII (F13B), HUMLIPOL, and HUMFESFPS , 
HUMBFXIII (F13B), HUMHPRTB, and HUMFESFPS, 
HUMBFXIII {F13B), HUMHPRTB, andHUMPLA2Al 
HUMFESFPS, HUMHPRTB, and HUMVWFA31; 
HUMFESFPS, HUMHPRTB, and HUMLIPOL; 
HUMFESFPS, HUMHPRTB, and HUMMYOPK (Myotonxc) ; 
HUMF13A01, HUMFABP, and HUM CD 4 ; 
HSAC04 (ACTBP2), HUMCYP19, and HUMPLA2A1 ; 
HUMCYP19, HUMAPOA2, and HUMPLA2A1 ; 
HUMCYP19, HUMPLA2A1, and HUMFABP; and 
HUMCYP19, HUMPLA2A1, and HUMHPRTB. 



5. The mechod of claim i wherein che loc: 
HUMFESFPS and HUMHPRTB. 



aire 



wo 



9. The method of claim 1 wherein the at least c 
loci further includes a third and a fourth loci and wherein 
the at least two loci and the third and fourth loci are 
HUMBFXIII (F13B), HUMFESFPS, HUMLIPOL, and HUMHPRTB 



wo 



10. The method of claim 1 wherein the at least t 
loci further includes a third and a fourth locx and wherein 
the at least two loci and the third and fourth loci are 
HUMCSFIPO, HUMTPOX, HUMTHOl, and HUMVWFA3 1 . 

11. The method of claim lo, wherein in said co- 
amplifying step, amplification is primed with primer pairs 
comprising 

SEQ ID. NO. 5 and SEQ ID. NO. 6, 
SEQ ID. NO. 29 and SEQ ID. NO. 30, 
SEQ ID. NO. 27 and SEQ ID. NO. 28, and 
SEQ ID. NO. 31 and SEQ ID. NO. 32. 

12. The method of claim 11, wherein the primers SEQ 
ID. NO. 5, SEQ ID. NO. 30, SEQ ID. NO. 27, and SEQ ID. NO. 
32 are fluorescence labeled. 
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5. Claims: 2-4, 16 and 25 (partly) 

A method for simultaneously determining STR alleles from multiple loci for 
groups of loci containing at least the HSAC04 {ACTBP2) and/or HUMCYP1 9 
locus, excluding the groups where also loci of any of the preceding groups of 
claims are mentioned, as well as primers and kits used in this method. 



6. Claims: 2-4, 16 and 25 (all partly) 

A method for simultaneously determining STR alleles from multiple loci for 
groups of loci containing at least the locus HUMVWFA31, excluding the 
groups where also loci of any of the preceding groups of claims are mentioned, 
as well as primers and kits used in this method. 



7. Claims: 2-4, 16 and 25 (partly) 

A method for simultaneously determining STR alleles from multiple loci for 
groups of loci containing at least the HUMLIPOL locus, excluding the groups 
where also loci of any of the preceding groups of claims are mentioned, as 
well as primers and kits used in this method. 



8. Claims: 2-4, 16 and 25 (partly) 

A method for simultaneously determining STR alleles from multiple loci for 
groups of loci containing at least the HUMAPOA2 locus, excluding the groups 
where also loci of any of the preceding groups of claims are mentioned, as 
well as primers and kits used In this method. 

9. Claims: 2-4, 16 and 25 (partly) 

A method for simultaneously determining STR alleles from multiple loci for 
groups of loci containing at least the HUMMYOPK (Myotonic) locus, excluding 
the groups where also loci of any of the preceding groups of claims are 
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SEQ ID. NO. 11 and SEQ ID, NO. 12, SEQ ID. NO. 13 and 
SEQ ID. NO. 14, SEQ ID. NO. 15 and SEQ ID, NO. 16, SEQ 
ID. NO, 17 and SEQ ID. NO. 18, SEQ ID. NO. 19 and SEQ 
ID. NO, 20, SEQ ID. , 21 and SEQ ID. NO. 22, SEQ ID. 
NO. 23 and SEQ ID. NO. 24, SEQ ID, NO. 25 and SEQ ID. 
NO, 26, SEQ ID. NO. 27 and SEQ ID. NO. 28, SEQ ID . NO. 
2 9 and SEQ ID. NO. 30, and SEQ ID, NO. 31 and SEQ ID. 
NO, 32. 

The method of claim 1 further comprising adding short 
tandem repeat allelic ladders containing nucleotide 
fragments of the same lengths as two or more known 
alleles for each of the loci and determining the 
allele content of the DNA sample by comparison with 
the amplified short tandem repeat fragments for each 
of the loci . 

The method of claim l wherein the amplified short 
tandem repeat sequences are compared by polyacrylamide 
gel electrophoresis . 

1 

The method of claim 1 wherein the amplified short 
tandem repeat sequences are compared using silver 
stain analysis . 

The method of claim 1 wherein the amplified short 
tandem repeat sequences are compared by fluorescent 
analysis , 

The method of claim 1 further comprising identifying 
an appropriate set of loci and primers which provide 
non- overlapping alleles. 

2. The method of claim 1 wherein the samples to be tested 
are selected from the group consisting of blood, 
semen, vaginal cells, hair, saliva, urine or other 



17 . 



5 
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10 



15 



20 



(ACTBP2), HUMCYP19 and HUMPLA2A1 ; HSAC04 (ACTBP2) and 
HUMFASP; HUMAPOA2 , HUMCYP19 and HUMPU^2A1 ; HUMCD4 , 
HUMCSFIPO and HUMTHOl ; HUMCYP19, PIUMFABP and 
HUMP1JV2A1; HUMCTP19, HUMHPRTB and HUMPLA2A1 • 
HUMF13A01, HUMFABP and HUMCD4 ; HUMHPRTB, HUMFESFPS and 
HUMLIPOL; HUMF13A01, HUMFABP and HUMCD4 ; HUMHPRTB, 
HUMBFXIII (F13B) and HUMPLA2A1 ; HUMHPRTB, HUMBFXIli 
{F13B) and HUMTPOX; HUMHPRTB, HUMBFXIII (F13B) and 
HUMFESFPS; HUMCSFIPO, HUMTPOX and HUMCD4 ; HUMHPRTB 
HUMFESFPS and HUMMYOPK (Myotonic). HUMCSFIPO, HUMTHOl 
and HUMCD4; HUMCSFIPO, HUMTHOl and HUMVWFA31- 
HUMHPRTB, HUMBFXIII (F13B) and HUMLIPOL; HUMCSFlPo' 
HUMTPOX, HUMTHOl and HUMVWFA3 1 ; HUMHPRTB, HUMFESFPS ' 
HUMBFXIII (F13B) and HUMLIPOL; HUMCSFIPO, HUMTPOX,' 
HUMTHOl and HUMCD4 ; and HUMCSFIPO, HUMTHOl, HUMTPOX 
and HUMCD4 . 

The method of claim i wherein the loci are HUMHPRTB 
and HUMFESFPS . 

6. The method of claim 1 wherein the loci are HUMCSFIPO, 
HUMTPOX, and HUMfHOl . 

7. The method of claim 6, wherein in said amplifying 
step, amplification is primed with primer pairs 
comprising SEQ ID. NO. 5 and SEQ ID. NO. 6, SEQ ID. 
NO. 29 and SEQ ID. NO. 30, and SEQ ID. NO. 27 and SEQ 
ID. NO. 28. 



5 . 



8 



The method of claim 7, wherein the primer pairs SEQ 
ID. NO. 5 and SEQ ID. NO. 6, and SEQ ID. NO. 29 and 
SEQ ID. NO. 3 0 are present in a concentration of about 
0.2/iM; and the sequence primer pairs SEQ id. NO. 27 
and SEQ ID. NO. 28 are present in a concentration of 
about O.GfiM. 
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(2) INFORMATION FOR SEQ ID NO:29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
ACTGGCACAG AACAGGCACT TAGG 



(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 
GGAGGAACTG GGAACCACAC AGGT 



(2) INFORMATION FOR SEQ ID NO : 3 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 
GAAAGCCCTA GTGGATGATA AGAATAATC 



(2) INFORMATION FOR SEQ ID NO:32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32 
GGACAGATGA TAAATACATA GGATGGATGG 
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(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
GCTCGAAGGG TCCTTGTAGC CGGG 



(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
GATAGGTGGG GGTGCGTGGA GGAT 



(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:23: 
CTGACCAAGG ATAGTGGGAT ATAG 



(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 



GGTAACTGAG CGAGACTGTG TCT 



23 
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(2) INFORMATION FOR SEQ ID iSrO:13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGra: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDI^SS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
TGAGGTGGTG TACTACCATA 



(2) INFORMATION FOR SEQ ID NO:14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRAI^EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14: 
GATCATGCCA TTGCACTCTA 2 0 



(2) INFORMATION FOR SEQ ID NO: 15: 

I 

( i) SEQUENCE CHAilACTERISTI CS : 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
GTAGTATCAG TTTCATAGGG TCACC 2 5 



(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 



CAGTTCGTTT CCATTGTCTG TCCG 



24 
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(2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 
AACCTGAGTC TGCCAAGGAC TAGC 



(2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6 
TTCCACACAC CACTGGCCAT CTTC 



(2) INFORMATION FOR |EQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

( C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 
GCAGGTACTT AGTTAGCTAC 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 
TTACAGTGAG CCAAGGTCGT 
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SEQUENCE LISTING 
(1) GENERAL INFORMATION: 

(i) APPLICANT: Schumm, James W. 

Sprecher, Cynthia J. 
Lins t Ann M . 

(ii) TITLE OF INVENTION: .MULTIPLEX AMPLIFICATION OF 
SHORT TANDEM REPEAT LOCI 

(iii) NUMBER OF SEQUENCES: 32 

(iv) CORRESPONDENCE ADDRESS; 

(A) ADDRESSEE: Ross & Stevens, S.C. 

(B) STREET: P, O. Box 25 99 

(C) CITY: Madison 

(D) STATE: Wisconsin 

(E ) COUNTRY : U , S . A . 

(F) ZIP: 53701-2599 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC- DOS/MS - DOS 

(D) SOFTWARE: Patent In Release #1.0 Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION : 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Sara, Charles S. 

(B) REGISTRATION NUMBER: 3 0,4 92 

(C) REFERENCE/DOCKET NUMBER: 34 506.022 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE; 608-257-5353 

(B) TELEFAX: 608-257-9175 



(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 



ACATCTCCCC TACCGCTATA 
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EXAMPIjB 3 0 

Fluorescent Defection of Multiplex Amplification 
of Loci HUMCSFIPO and HUMTHGl 

5 In this example, a DNA template was amplified at the 

individual loci HUMCSFIPO and HUMTHGl simultaneously in a 
single reaction vessel. The PCR amplifications were 
performed as described in Example 1 using 0,02U Tag DNA 
Polymerase//il and amplification protocol 1, as described in 

10 Example 1. Four amplification primers were used in 
combination, including 2^M each HUMCSFIPO primer 2 [SEQ. 
ID, 6] and fluorescein- labeled primer 1 [SEQ, ID, 5] and 
l^M each HUMTHGl primer 2 [SEQ. ID. 28] and fluorescein- 
labeled primer 1 [SEQ. ID. 27] . 

15 Amplified products were detected as in Example 2. 

Reference is made to Figure 3 0 which is a photograph of a 
computer image of a Fluorlmager scan. Lanes 1-3 contain DNA 
samples simultaneously co-amplified for the loci HUMCSFIPO 
and HUMTHGl . 

20 

EXAMPLE 31 

Fluorescent Detection of Multiplex Amplification 
of Lofci HUMTHOl and HUMCD4 

5 In this example, a DNA template was amplified at the 

individual loci HUMTHOl and HUMCD4 simultaneously in a 
single reaction vessel. The PCR amplifications were 
performed as described in Example 1 using G.02U Taqr DNA 
Polymerase//zl and amplification protocol l, as described in 

0 Example l. Four amplification primers were used in 
combination, including l^uM each HUMTHOl primer 2 [SEQ. ID. 
28] and fluorescein- labeled primer 1 [SEQ. ID. 27] and l^M 
each HUMCD4 primer 1 [SEQ. ID. 9] and f luorescein-labeled 
primer 2 [SEQ. ID. 10] . 

5 Amplified products were detected as in Example 2. 

Reference is made to Figxire 31 which is a photograph of a 
computer image of a Fluorlmager scan. Lanes 1-3 contain 
DNA samples simultaneously eo-amplified for the loci 
HUMTHOl and HUMCD4 . 



1 
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ID. 29j and fluorescein- labeled primer 2 [SEQ. ID. 30] , 
0.5mm each HD-MTHOl primer 2 [SEQ. ID. 28] and fluorescein- 
labeled primer 1 [SEQ, ID. 2 7] and 0,5fxM each HUMCD4 primer 
1 [SEQ. ID, 9] and fluorescein- labeled primer 2 [SEQ. ID. 
5 10] . 

Amplified products were detected as in Example 2. 
Reference is made to Figiare 26 which is a photograph of a 
computer image of a Fluorlmager scan. Lanes 1-3 contain DNA 
samples simultaneously co-amplified for the loci HUMCSFIPO, 
10 HUMTPOX, HUMTHOl, and HUMCD4 . 

EXAMPLE 27 



15 



Fluorescent De tection of Multiplex Amplification 
of Loci HrjT^CSFlPO, HUMTHQl , and HUMCD4 



In this example, a DNA template was amplified at the 
individual loci HUMCSFIPO, HUMTHOl, and HUMCD4 
simultaneously in a single reaction vessel. The PGR 
amplifications were performed as described in Example l 
20 using 0.02U Taq DNA Polymerase/^l and amplification 
protocol 1, as described in Example l. Six amplification 
primers were used in combination, including l^xM each 
'! HUMCSFIPO primer 2 [SEQ. ID. 6] and fluorescein- label ed 
primer 1 [SEQ. ID. 5] , IfiM each HUMTHOl primer 2 [SEQ. ID. 
25 28] and fluorescein- labeled primer 1 [SEQ. ID. 27] and 1/iM 
each HUMCD4 primer 1 [SEQ. ID. 9] and fluorescein - labeled 
primer 2 (SEQ. ID. 10] , 

Amplified products were detected as in Example 2. 
Reference is made to Figure 27 which is a photograph of a 
3 0 computer image of a Fluorlmager scan. Lanes 1 and 2 
contain DNA samples simultaneously co-amplified for the 
loci HUMCSFIPO, HUMTHOl, and HUM CD 4 . 



EXAMPLE 2 8 



Fluorescent Det ection of Multiplex Amiplif ication 
of Loci H UMCSFIPO, HUMTHOl. and HUMVWFA31 

In this example, a DNA template was amplified at the 
individual loci HUMCSFIPO, HUMTHOl, and HUMVWFA31 
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0 



each HUMFE3FP3 primers 1 [SEQ. ID. 17] and 2 [SEQ. ID. 18], 
and l^M each HUMMYOPK (Myotonic) primers 1 [SEQ. id. 21] 
and 2 [SEQ. ID. 22] . 

Reference is made to Figure 22 which reveals the 
silver stain detection of the multiplex amplification. 
Lanes 1-3 contain DNA samples simultaneously co-amplified 
for the loci HUMHPRTB, HUMFESFPS, and HUMMYOPK (Myotonic). 

EXAMPLE 23 

Multipl ex Amplification of Locri 
HUMC5F1PO, HUMTPOX. HTTMTKOl, and HTJMCD4 

In this example, a DNA template was amplified at the 
loci HUMCSFIPO. RL^TOX, Hu>rrH01, and HUMCD4 simultaneously 
in a single reaction vessel. The PGR amplifications and 
other manipulations were performed as described in Example 
1 using 0.04U Taq DNA Polymerase/^l and amplification 
protocol 1, as described in Example 1. Eight primers were 
used in combination, including IfxM each HUMCSFIPO primers 
1 [SEQ, ID, 5] and 2 [SEQ. ID, 6], l^M each HUMTPOX primers 
1 [SEQ. ID. 29] and 2 [SEQ. ID. 30], l^M each HUMTHOl 
primers 1 [SEQ. ID. 27] and 2 [SEQ. ID. 28], and X^M eaoh 
HUMCD4 primers 1 [SEQ. ID. 9] and 2 [SEQ. ID. 10]. 

Refer-ence is made to Figure 23 which reveals the 
silver stain detection of the multiplex amplification. 
Lanes 1-3 contain DNA samples simultaneously co-amplified 
for the loci HUMCSFIPO, HUMTPOX, HUMTHOl, and HUMCD4 . 



EXAMPLE 24 

Multiplex Amplification of Loci 
HUMF13A01 and HUMMYOPK (Myotonic) 

In this example, a DNA template was amplified at the 
loci HUMF13A01 and HUMMYOPK (Myotonic) simultaneously in a 
single reaction vessel. The PGR amplifications and other 
manipulations were performed as described in Example 1 
using 0.04U Taq DNA Polymerase/^1 and amplification 
protocol 1, as described in Example 1. Four primers were 
used in combination, including 0 . l^M each HUMF13A01 primers 
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using 0.02U Taq DNA Polymerase/ a^I and amplification 
protocol 2, as described in Example 3. Four primers were 
used in combination, including l^M each HUMBFXIII (F13B) 
primers 1 [SEQ. ID. 13] and 2 [SEQ. ID. 14] and l/iM each 
HUMLIPOL primers 1 [SEQ. ID. 23] and 2 [SEQ. ID, 24] . 

Reference is made to Figure 18 which reveals the 
silver stain detection of the multiplex amplification. 
Lanes 1-3 contain DNA samples simultaneously co- amplified 
for the loci HUMBFXIII (F13B) and HUMLIPOL. 

EX?kMPLE 19 

Multiplex Amplification of Loci 
HUMHPRTB. HUMTPOX. and HUMBFXIII fF13B) 



In this example, a DNA template was amplified at the 
loci HUMHPRTB, HUMTPOX, and HUMBFXIII {F13B) simultaneously 
in a single reaction vessel- The PGR amplifications and 
other manipulations were performed as described in Example 
1 using amplification protocol 2, as described in Example 
3, Six primers were used in combination, including l^M 
each HUMHPRTB primers 1 [SEQ. ID. 19] and 2 [SEQ, ID. 20], 
0.2AtM each HUMTPOX primers 1 [SEQ. ID. 2 9] and 2 [SEQ. ID. 
30], and 2;zM each HUMBFXIII (F13B) primers 1 [SEqI ID. 13] 
and 2 [SEQ . ID . 14] , 

Reference is made to Figure 19 which reveals the 
silver stain detection of the multiplex amplification. 
Lanes 1-3 contain DNA samples simultaneously co-amplified 
for the loci HUMHPRTB, HUMTPOX, and HUMBFXIII (F13B) , 



3 0 EXAMPLE 2 0 

Multiplex Amplification of Loci 
HUMHPRTB, HUMFESFPS. and HUMBFXIII (F13B) 

In this example, a DNA template was amplified at the 
3 5 loci HUMHPRTB, HUMFESFPS, and HUI4BFXIII (F13B) 
simultaneously in a single reaction vessel. The PGR 
amplifications and other manipulations were performed as 
described in Example 1 using amplification protocol 2, as 
described in Example 3. Six primers were used in 
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Lanes 1-3 contain DNA samples simultaneously co-amplified 
for the loci HUMBFXIII (F13B) , HUMHPRTB, and HUMPLA2A1 
Lane 4 displays a sample without DNA subjected to the same 
procedures, i.e.. a negative control. 

EXAMPLE 15 

Muli;ip1>=>x Amr.1 Tf-i cation of r^r.^ 
I-JtJM F13Ani . HTJMFAHP . and HTTTvFrS^ 

In this example, a DNA template was amplified at the 
loci HUMF13A01, HUMFABP, and HUMCD4 simultaneously in a 
Single reaction vessel. The PCR amplifications and other 
manipulations were performed as described in Example 5 
using amplification protocol 1, as described in Example 1 
Six primers were used in combination, including i^m each 
HUMF13A01 primers 1 [SEQ. ID. ll] and 2 [SEQ. ID. 12] 1„m 
each HUMFABP primers l [SEQ. ID. 15] and 2 [SEQ. ID ' 16] 
and l;,M each HUMCD4 primers 1 [SEQ. ID. 9] and 2 [SEO id' 

10] . V- - 

Reference is made to Figure 15 which reveals the 
silver stain detection of the multiplex amplification 
Lanes 1-3 contain DNA samples simultaneously co-amplified 
for the loci HUMFlSAclil, HUMFABP, and HUMCD4 . Lane 4 
displays a sample without DNA subjected to the same 
procedures, i.e., a negat ive control . 

EXAMPLE 16 

Multiplex Ampt 1 F-ir-ation of r.r^ni 
HUMHPRTB and RTTMFESFP.q 

In this example, a DNA template was amplified at the 
loci HUMHPRTB and HUMFESFPS simultaneously in a single 
reaction vessel. The PCR amplifications and other 
manipulations were performed as described in Example 1 
using 500-0. 5ng template, 0 . 02U Taq DNA Polymerase/^1 and 
amplification protocol 2, as described in Example 3. Four 
primers were used in combination, including 0 . 2mM each 
HUMHPRTB primers 1 [SEQ. ID. 19] and 2 [SEQ. ID. 20] and 
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displays a sample without DNA subjected to the same 
procedures, i.e., a negative ^ control . 

EXJiMPLE 11 

Multipl ex Am-plif ication of Loci 
HITMCYF19. KTJ Ml^PRTB. and HUMPIA2A1 

In this example, a DNA template was amplified at the 
loci PTUMCYP19. HUMHPRTB, and HUMPLA2A1 simultaneously in a 
single reaction vessel. The PGR amplifications and other 
manipulations were performed as described in Example 9 
using amplification protocol 2, eis described in Example 3, 
Six primers were used in combination, including l/iM each 
I-TUMCYP19 prxmers 1 [SEQ, ID. 7] and 2 [SEQ . ID, 8], l^M 
each HU-MHPRTB primers 1 [SEQ. ID, 19] and 2 [SEQ. ID. 20], 
and ImM each HU1VIPLA2A1 primers 1 [SEQ. ID. 25] and 2 [SEQ. 
ID. 26] . 

Reference is made to Figure 11 which reveals the 
silver stain detection of the multiplex amplification. 
Lanes 1-3 contain DNA samples simultaneously co-amplified 
for the loci HUNCYPIS, HTOIHPRTB , and HUMPLA2A1 . Lane 4 
displays a sample v/ithout DNA subjected to the same 
procedures, i.e., a negative control. 



EXAMPLE 12 

Mult iplex Amplification of Loci HUMF13A01 and HUMFABP 
In this example, a DNA template was amplified at the 
loci HUMF13A01 and HUMFABP simultaneously in a single 
reaction vessel . The- PGR amplifications and other 

manipulations were performed as described in Example 5 
using amplification protocol 1, as described in Example 1. 
Four primers were used in combination, including l^uM each 
HUMF13A01 primers 1 [SEQ, ID. 11] and 2 [SEQ. ID. 12], and 
ImM each HUMFABP primers l [SEQ. ID. 15] and 2 [SEQ. ID. 
16] . 

Reference is made to Figure 12 which reveals the 
silver stain detection of the multiplex amplification. 
Lanes 1-3 contain DNA samples simultaneously co-amplified 
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Four primers were used in conibination, l^M each HSAC04 
{ACTBP2) primers 1 [SEQ. ID, 1] and 2 [SSQ. ID. 2] , and 
ImM each HXJMFABP primers 1 [SEQ. ID. 15 J and 2 [SEQ. ID. 
16] . 

5 Reference is made to Figure 7 which reveals the silver 

stain detection of the multiplex amplification. Lanes 1-3 
contain DMA samples simultaneously co-amplif ied for the 
loci HSAC04 {ACTBP2) and HUMFABP. Lane 4 displays a sample 
without DNA subjected to the same procedures, i.e., a 
10 negative control. 

EXAMPLE 8 

Multiplex Amplification of Loci 
HUMAPOA2 , HUMCYP19 , and HUMPLA2A1 

15 

In this example, a DNA template was amplified at the 
loci HUMAPOA2, HUMCYP19, and HUMPLA2A simultaneously in a 
single reaction vessel. The PCR amplifications and other 
manipulations were performed as described in Example 6 

20 using amplification protocol 2, as described in Example 3. 
Six primers were used in combination, including ljuM each 
HUMAPOA2 primers 1 [SEQ. ID. 3] and 2 [SEQ. ID. 4], IjnM 
each HUMCYP19 primers 1 [SEQ. ID. 7] and 2 [SEQ. ID. 8], 
and 1/iM each HUMPLA2A1 primers 1 [SEQ. ID, 25] and 2 

25 (SEQ. ID. 26] . 

Reference is made to Figure 8 which reveals the silver 
stain detect ion of the multiplex amplification . Lanes 1 
and 3 contain DNA samples simultaneously co-amplified for 
the loci HUMAPOA2, HUMCYP19, and HUMPLA2A1 . Lane 2 

30 contains a DNA sample which failed to amplify and lane 4 
displays a sample without DNA subjected to the same 
procedures, i.e., a negative control. 



EXAMPLE 9 

3 5 Multiplex Amplification of Loci 

HUMCD4. HUMCSFIPO. and HUMTHOl 



In this example, a DNA template was amplified at the 
loci HUMCD4, HUMCSFIPO, and HUMTHOl simultaneously in a 
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described in Example 2 using amplification protocol 2, as 
described in Example 3 . 

Eight primers were used in combination, including 
each HUMHPRTB primer ' 2 [SEQ. ID. 20] and fluorescein- 
5 labeled primer 1- [SEQ. ID.19] , 2.5/iM each HUMFESFPS primer 
2 [SEQ. ID. 18] and fluorescein- labeled primer 1. [SEQ. ID. 
17], l/xM each HUMBFXIII ■ (F13B) primer 2 [SEQ. ID. 14] and 
f luorescein-labeled primer 1 [SEQ. ID. 13] , and 0 . S^iM each 
HUMLIPOL primer 2 [SEQ, ID. 24] and f luorescein-labeled 

10 primer 1 [SEQ, ID. 23] . 

Reference is made to' Ficpure 4 which is a computer 
image of a Fluorlmager scan. Lanes 2-7 contain DNA samples 
simultaneously co-amplified for the loci HUMHPRTB, 
HUMFESFPS, HUMBFXIII (F13B) , and HUMLIPOL, Lane 1 contains 

15 allelic ladders for the 4 loci . 

EXAMPLE 5 

Multiplex Amplification of Loci HSAC04 
(ACTBP2) and HUMCYP19 

20 

In this example, a DNA template was amplified at the 
individual loci HSAC04 and HUMCYP19 simultaneously in a 
single reaction vessel. . The PGR ampl if icatibns were 
performed in iS/zl volumes with 25ng template, O.QIU Taqr 

25 DNA Polymerase/;il, IX Taq DNA Polymerase Buffer (50mM KCl , 
lOmM Tris-HCl (pH 9.0 at 25^C) , 0.1% Triton X-100 and 1 . 5mM 
MgCl2) and 200^iM each of dATP, dCTP, dGTP and dTTP using a 
Thermal Cycler 4 80 (Perlcin Elmer Cetus) . Amplification 
protocol 2, as described in Example 3, was employed. 

3 0 Amplified products were separated and detected per example 
1. Four primers were used in combination, including 1/xM 
each HSAC04 (ACTBP2) primers 1 [SEQ. ID. 1] and 2 [SEQ. ID. 
2], and l;iM each HUMCYP19 primers 1 [SEQ. ID. 7] and 2 
[SEQ, ID, 8] . 

35 Reference is made to Figure 5 which reveals the silver 

stain detection of the multiplex amplification. Lanes 1-3 
contain DNA samples simultaneously co-amplified for the 
loci HSAC04 {ACTBP2) and HUMCYP19, Lane 4 displays a 
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at 60 W and products were visualized by silver stain 
analysis according the protocol of Bassam et aj . (1991), 

Reference is made to Figure 1 which reveals the silver 
stain detection of the multiplex amplification. lianes 2, 
5 3, and 5 contain DNA samples simultaneously co-amplified 
for the loci HUMCSFIPO, HUMTPOX, and HUMTHOl. Lanes 1, 4, 
and 7 contain allelic ladders for the three loci and lane 
6 displays a sample without DNA subjected to the same 
procedures, i.e., a negative control. 

10 

EXAMPLE 2 

Fluorescent Detection of Multiplex Amplification 
of Loci ITOMCSFIPO/ HTJMTPQX . HIJMTHOl, and HIMVWFA31 

15 In this example, a DNA template was amplified at the 

individual loci HUMCSFIPO, HUMTPOX, HUMTHOl, and HUMVWFA31 
simultaneously in a single reaction vessel. The PGR 
amplifications were performed in 2Sfxl volumes using 25ng 
template, 0.04U Taq DNA Polymerase//xl , Ix STR Buffer (50mM 

20 KCl, lOmM Tris-HCl (pH 9.0 at 25*^0, 0.1% Triton X-100, 
l,5mM MgCl2 and 200/iM each of dATP, dCTP, dGTP and dTTP ) , 
and using a Thermal Cycler 480 (Perkin Elmer Cetus) . 
Amplification protocol 1^ as described in Example 1, was 
employed. Eight amplification primers were used in 

25 combination, including l^tM each HUMCSFIPO primer 2 [SEQ. 
ID. 6j and fluorescein- labeled primer 1 [SEQ. ID, 5], 
0,l5/iM each HUMTPOX primer 1 (SEQ, ID. 29] and fluorescein- 
labeled primer 2 [SEQ. ID, 30], 0.2/xM each HUMTHOl primer 
2 [SEQ. ID. 28] and f luorescein-labeled primer 1 [SEQ. ID. 

30 27] , and lyixM each HUMVWFA31 primer l' [SEQ. ID. 31] and 
f luorescein-labeled primer 2 [SEQ. ID. 32] . 

Amplified products were separated by denaturing 
acrylamide gel electrophoresis on a 32cm gel for 45 minutes 
at 40 watts. Detection of the fluorescent signal was 

35 achieved using the Fluorlmager" 575 (Molecular Dynamics , 
Sunnyvale, CA) , Reference is made to Figure 2 which is a 
computer image of a Fluorlmager scan. Lanes 2-7 contain 
DNA samples simultaneously co-amplified for the loci 
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Kit 

The present invention is also directed to kits that 
utilize the px'ocess described. A basic kit includes a 
container having a locus-specific primer pair (or 

5 alternately separate containers containing each primer of 
a primer pair) for each locus. The kit also includes 
instiructions for use* 

Other ingredients may include an allelic ladder 
directed to each of the specified loci, a sufficient 

0 cfuantity of enzyme for amplification, amplification buffer 
to facilitate the amplification, loading solution for 
preparation of the amplified material for gel 
electrophoresis, human genomic DNA as a control to test 
that the system is working well, a size marker to insure 

5 that materials migrate as anticipated in the gel, and a 
protocol and manual to educate the user and to limit error 
in use. The amounts of the various reagents in the kits 
can be varied depending upon a number of factors, such as 
the optimum sensitivity of the process. The instructions 

0 for use are suitable to enable any analyst to carry out the 
desired test. It is within the scope of this invention to 
provide test kits for use in manual applications or test 
kits for use with automated detectors or analyzers . 

5 EXAMPLES 

The following examples are presented to illustrate the 
advantages of the present invention and to assist one of 
ordinary skill in making and using the same. The examples 
are not intended in any way to otherwise limit the scope of 

0 the disclosure or protection granted by the patent. 

Genomic DNA isolation and quantitation were performed 
essentially as described by Puers et al . , 1993. These 
methods are generally kno'^ to those skilled in the art and 
are preferred, but not required, for application of the 

5 invention. 

Amplification products were separated by 
electrophoresis through a 0.4mm thick 4% denaturing 
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described in Example l. Fragment separation occurs based 
on size and charge of the sample. 

The DNA is then detected by, e.g., silver staining 
(B^ssmn et al . 1991). Alternatively, if radioactively- 
labeled or fluorescently- labeled primers were used for each 
locus, the products are detected by means available to 
detect these reporters as knovm to those skilled in the 
art. Amplified materials may be detected using any of a 
number of reporters including, e.g., silver staining, 
radioisotopes, fluorescers, chemiluminescers and enzymes in 
combination with detectable substrates. 

Individual DNA samples containing amplified alleles 
are preferably compared with a size standard such as a DNA 
marker or locus - specif ic allelic ladder to determine the 
alleles present at each locus within the sample. The 
preferred size marker for evaluation of a multiplex 
amplification containing two or more polymorphic STR loci 
consists of a combination of allelic ladders for the loci 
being evaluated. 

The preferred size marker for evaluation of a 
multiplex amplification containing two or more polymorphic 
STR loci which are generated using fluorescently- labeled 
primers for each locus consists of a combination of 
fluorescently- labeled allelic ladders for the loci being 
evaluated. 

Following the construction of allelic ladders for 
individual loci. they may be mixed and loaded for gel 
electrophoresis at the same time as the loading of 
amplified samples occurs. Each allelic ladder co-migrates 
with alleles in the sample from the corresponding locus. 

A permanent record of the data can be generated with 
the use of electrophoresis duplicating film (STR systems 
manual #TMD004 , Promega Corporation, Madison, WI . ) . 

Advant- qqe of Fluorescent Detection 

With the advent of automated fluorescent imaging, 
faster detection and analysis of multiplex amplification 
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multiplex. The derivative multiplexes are. in some sense, 
routine extensions of the core multiplex. 

Preparation of Genomic DMA 
5 All methods of DNA preparation which are compatible 

with the amplification process for a single locus should be 
appropriate for multiplex amplification. Many examples of 
preparation methods have been described in the literature 
(Pacel ec al . 1984, Gill et ai . 1985). DNA concentrations 
10 are measured f luorometrically (Brunk et al . 1979). 



genomic DNA samples are subjected to PGR 



Am plificat ion of DNA. 
Human 

amplification using primers and thermocycl ing conditions 
15 specific for each locus. Reference is made to Table 1 for 
details of the primer sequences. The ampli f icatxon 
protocol specific to each multiplex is listed m the 

specific examples . 



12 
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Successful combinations are generated by trial and 
error of locus corabinatxons and by adjustment of primer 
concentrations to identify an equilibrium in which all 
included loci may be amplified. 
5 Of particular importance in the multiplex system is 

the size range of amplified alleles produced from the 
individual loci which will be analyzed together. For ease 
of analysis with current technologies, systems which can be 
detected by amplification of fragments smaller than 500 
10 bases were preferably selected. 

The following multiplex combinations have been 
developed and are considered ideal combinations for use in 
the present system: 

I. H-QMTHOl and HUMCSFlPO; 
15 2. HUMTHOl and KUMCD4 ; 

3. HUMTHOl and HUMTPOX; 

4. HIJMF13A01 and HUMFABP; 

5. HUMF13A01 and HUMMYOPK (Myotonic); 

6. HUMF13A01 and HUMBFXIII (F13B) ; 
20 7, HUMBFXIII {F13B) and HUMFESFPS; 

8. HUMBFXIII (F13B) and HUMLIPOL; 

9. HUMHPRTB anci KUMFESFPS; 

10. HSAC04 (ACTBP2) and HUMCYP19; 

II. HSAC04 {ACTBP2) and HUMFABP; 

25 12. HUMCSFlPO, HUMTPOX and HUMTHOl; 

13. HUMHPRTB, HUMFESFPS and HUMVWFA31; 

14. HSAC04 (ACTBP2), HUMCYP19 and HUMPLA2A1 ; 

15. HUMAPOA2, HUMCYP19 and HUMPLA2 Al ; 

16. HUMCD4, HUMCSFlPO and HUMTHOl; 
30 17. HUMCYP19, HUMFABP and HUMPLA2A1 ; 

18, HUMCYP19, HUMHPRTB and HUMPLA2A1 ; 

19. HUMF13A01, HUMFABP and HUMCD4 ; 

20. HUMHPRTB, HUMFESFPS and HUMLIPOL; 

21, HUMF13A01, HUMFABP and HUMCD4 ; 

35 22, HUMHPRTB, HUMBFXIII {F13B) and HUMPLA2A1 ; 

23. HUMHPRTB, HUMBFXIII {F13B) and HUMTPOX; 

24. HUMHPRTB, HUMBFXIII (F13B) and HUMFESFPS; 
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DETAILED D ESCRIPTION OF THE IKVENTIOKT 
The following definitions are intended to assist in 
providing a clear and consistent understanding of the scope 
and detail of the terms: 

Allelic ladder: a standard size marker consisting of 
amplified alleles^ froni' "the locus. 

Allele: ^ a genetic variation associated with a segment 
of DNA, i;e one of two or more alternate forms of a DNA 
sequence occupying the same locus. 

Biochemical nomenclature: standard biochemical 

nomenclature is used herein in which the nucleotide bases 
are designated as adenine (A) ; thymine (T) ; guanine (G) ; 
and cytosine (C) . Corresponding nucleotides are, for 
example, deoxyguanosine - 5 ' - triphosphate (dGTP) . 

DNA polymorphism: the condition in which two or more 
different nucleotide sequences coexist in the same 
interbreeding population in a DNA sequence. 

Locus (or genetic locus) : a specific position on a 
chromosome. Alleles of a locus are located at identical 
sites on homologous chromosomes , 

Locus-specific primer: a primer that specifically 
hybridizes with a portion of the stated locus or its 
complementary strand, at least for one allele of the locus, 
and does not hybridize efficiently with other DNA sequences 
under the conditions used in the amplification method. 

Polymerase chain reaction (PGR) : a technique in which 
cycles of denaturat ion, annealing with primer, and 
extension with DNA polymerase are used to amplify the 
number of copies of a target DNA sequence by >10^ times. 
The polymerase chain reaction process for amplifying 
nucleic acid is covered by U. S. Patent Nos . 4,683,195 and 
4,683,202, which are incorporated herein by reference for 
a description of the process. 

Polymorphism information content (PIC) : a measure of 
the amount of polymorphism present at a locus {Botstein et 
al. , 1980). PIC values range from 0 to 1.0, with higher 
values indicating greater degrees of polymorphism. This 
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migrating next to the corresponding allelic ladder for ease 
of interpretation in Example 1. 

Fig^are 2 is a computer image showing the fluorescent 
_ detection of multiplex amplification of the loci HUMCSFIPO 
^ HOMTPOX, HUMTHOl and HUrWWFA31 as detected with L 
FluorImager"-575 (Molecular Dynamics, Sunnyvale, CA) in 
Example 2. ' xn 

Figure 3 is a photograph showing the silver stain 
detection of the multiplex amplification in Example 3 

Fxgure 4 is a cot^puter image showing the fluorescent 
detection of multiplex amplification in Example 4. 

Fxgxzre 5 is a photograph showing the silver stain 
detection of the multiplex amplification in. Example 5 

Figure 6 is a photograph showing the silver stain 
detection of the multiplex amplification in Example 6 

Figure 7 is a photograph showing the silver stain 
detection of the multiplex amplification in Example 7 

Fxgure 8 is a photograph showing the silver stain 
detection of the multiplex amplification in Example 8 

Figure 9 is a photograph showing the silver stain 
detection of the multiplex amplification in Example 9 

Figure 10 is a photograph showing the silver stain 
detection of the multiplex amplification in Example 10. 

Figure li is a photograph showing the silver stain 
detection of the multiplex amplification in Example ll. 

Figure 12 is a photograph showing the silver stain 
detection of the multiplex amplification in Example 12. 

Figure 13 is a photograph showing the silver stain 
detection of the multiplex amplification in Example 13 

Fxgure 14 is a photograph showing the silver stain 
detection of the multiplex amplification in Example 14 

Figure 15 is a photograph showing the silver stain 
detection of the multiplex amplification in Example 15. 

Figure 16 is a photograph showing the silver stain 
detection of the multiplex amplification in Example 16 

Figure 17 is a photograph showing the silver stain 
detection of the multiplex amplification in Example 17. 
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It is also an objecc of the present invention to 
provide a method and a kit specific for multiplex 
amplifications comprising specified loci. 

These and other objects are addressed by the present 
invention which is directed to a method of simultaneously 
analyzing or determining the alleles present at each 
individual locus of each multiplex. This method comprises 
the steps of (1) obtaining at least one DNA sample to be 
analyzed, wherein the DNA sample has at least two loci 
which can be amplified together; (2) amplifying the STR 
sequences in the DNA sample; and (3) detecting the 
amplified materials in a fashion which reveals the 
polymorphic nature of the systems employed. 

The present invention is also directed to a method of 
simultaneously analyzing multiple STR sequences wherein at 
least one of the loci is selected from the group consisting 
of: HUMCSFIPO, HUMTPOX , HUMVWFA3 1 , HUMFESFPS , HUMBFXIII 
(F13B). HUMLIPOL, HSAC04 (ACTBP2), HUMCYP19, HUMPLA2A1 , 
HUMAP0A2, PnJMCD4, HUMF13A01 and HUMMYOPK (Myotonic). 

Specifically, the present invention is directed to a 
method of simultaneously analyzing multiple STR sequences 
in the following groups of loci : HUMTHOl and rfjMCSFlPO; 
HUMTHOl and HUM CD 4 ; HUMTHOl and HUMTPOX; HUMF13A01 and 
HUMFABP; HUMF13A01 and HUMMYOPK (Myotonic) ; HUMF13A01 and 
HUMBFXIII {F13B) ; HUMBFXIII {F13B} and HUMFESFPS ; HUMBFXIII 
(F13B) and HUMLIPOL; HUMHPRTB and HUMFESFPS; HSAC04 
{ACTBP2) and HUMCYP19; HUMCSFIPO, HUMTPOX and HUMTHOl; 
HUMHPRTB, HUMFESFPS and HUMVWFA31; HSAC04 (ACTBP2), 
HUMCypi9 and HUMPLA2A1 ; HSAC04 (ACTBP2) and HUMFABP; 
HUMAPOA2, HUMCYP19 and HUMPLA2A1 ; HUM CD 4 , HUMCSFIPO and 
HUMTHOl; HUMCYP19, HUMFABP and HUMPLA2A1 ; HUMCYP19, 
HUMHPRTB and HUMPLA2A1; HUMF13A01, HUMFABP and HUMCD4 ; 
HUMHPRTB, HUMFESFPS and HUMLIPOL; HUMF13A01, HUMFABP and 
HUMCD4; HUMHPRTB, HUMBFXIII {F13B) and HUMPLA2A1 ; HUMHPRTB, 
HUMBFXIII (F13B) and HUMTPOX; HUMHPRTB, HUMBFXIII {F13B) 
and HUMFESFPS; HUMCSFIPO, HUMTPOX and HUM CD 4 ; HUMHPRTB, 
HUMFESFPS and HUMMYOPK (Myotonic) ; HUMCSFIPO, HUMTHOl and 
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Polymo2rphic STR loci are extremely useful markers for 
human identification, paternity testing and genetic 
mapping. STR loci may be amplified via the polymerase 
chain reaction (PGR) by employing specific primer sequences 
identified in the regions flanking the tandem repeat. 

Alleles of these loci are differentiated by the number 
of copies of the repeat sequence contained within the 
amplified region and are distinguished from one another 
following elect rophoretic separation by any suitable 
detection method including radioactivity, fluorescence, 
silver stain, and color. 

To minimize labor, materials and analysis time, it is 
desirable to analyze multiple loci and/or more samples 
simultaneously. One approach for reaching this goal 
involves amplification of multiple loci simultaneously in 
a single reaction. Such "multiplex" amplifications have 
been described extensively in the literature. Multiplex 
amplification sets have been extensively developed for 
analysis of genes related to human genetic diseases such as 
Duchenne Muscular Dystrophy (Chauib ex-lain et ai . 1988, 
Chamberlain et al . 1989, Seggs et al . 1990, Clemens et al . 

1991, Schwarcz et all 1992, Covone et ai , 1992), Lesch- 
Nyhan Syndrome {Glbbs et ai . 1990), Cystic Fibrosis 
{Estlvill et ai, 1991, Fortius et al . 1992, Ferrie et al . 

1992, Marral and Esti^lll, 1992), and Retinoblasma {Lahmann 
et al. 1992). Multiplex amplification of polymorphic 
microsatellite markers (Clemens et al . 1991, Schwartz et 
aJ. 1992, Huang et ai . 1992) and even STR markers {Edwards 
et al. 1992, Klmpcon et ai . 1993, Hammand et ai . 1994) have 
been described. 

These amplified products are generally separated by 
one of several methods of electrophoresis known to those 
skilled in the art. Several well-known methods of detection 
of the amplified products have also been described. While 
ethidium bromide staining of amplified fragments is 
employed in some cases, in others it is preferred to use 
methods which label only one of the two strands of the 
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13. The method of claim 11, wherein the primer pairs 
SEQ ID. NO. 5 and SEQ ID. NO. 6 are present in a 
concentration of about l^M; primer pairs. SEQ ID . NO. 29 and 
SEQ ID. NO. 3 0 are present in a concentration of about 
5 O.IB^M, primer pairs, SEQ ID, NO, 27,and SEQ ID. NO. 28 are 
present in a concentration of about 0.2^M, and primer pair 
SEQ ID. NO. 31 and SEQ ID. NO. 32 are present in a 
concentration of about , l/iM.. 

14. The method of claim 1 wherein the at least two 
loci include a, .third. , locus , and wherein the at least two 
loci and the third locus, are HUMFESFPS, HUMHPRTB, and 
HUMyWFA3l. 

15 . The method 9f claim 1 wherein in step (b) , the at 
least two loci are co-amplified by multiplex polymerase 
chain reaction. 

16. The method of claim 10 wherein the at least two 
loci are co-amplified using one or more oligonucleotide 
primer pairs selected from the group of primer pairs 
consisting of: 

SEQ ID. NO. 5 and SEQ ID. NO. 6, 

5 SEQ ID. NO. 27 and SEQ ID . NO. 28, 

SEQ ID. NO. 29 and SEQ ID. NO. 30, and 

SEQ ID. NO. 31 and SEQ ID. NO. 32. 

17. The method of claim 1 further comprising 
evaluating short tandem repeat loci using allelic ladders 
containing nucleotide fragments of the same lengths as two 
or more known ^Ueles for each of the at least two loci and 
determining the allele content of each of the at least two 
5 loci by comparison with the corresponding short tandem 
repeat allelic ladder for each of the at least two loci. 
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25, The kit of claim 24 wherein the oligonucleotide 
pr-imer pairs are selected from the group of primer pairs 
consisting of: 
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